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2 
Abstract: 35 
Biodiversity offsetting is a mechanism aimed at achieving biodiversity gains to 36 
compensate for the residual impacts of development activities on biodiversity. 37 
Estimating the ecological equivalence of biodiversity lost to development with that 38 
gained by the offset requires a currency that captures the biota of interest and an 39 
accounting model to evaluate the exchange. Ecologically robust, and user-friendly 40 
decision support tools improve the transparency of biodiversity offsetting and assist in 41 
the decision making process. Here we describe a tool developed for the New Zealand 42 
Department of Conservation that offers a mechanism to transparently design and 43 
evaluate biodiversity offsets intended to deliver no net loss. It is a relatively 44 
disaggregated accounting model that balances like-for-like biodiversity trades using a 45 
suite of area by condition currencies to calculate net present biodiversity value 46 
(NPBV) to account individually for each measured biodiversity element of interest. 47 
The NPBV is used to evaluate whether a no net loss exchange is likely for each 48 
biodiversity attribute. More disaggregated currencies have an advantage over 49 
aggregated currencies (which use composite metrics) in that they account for each 50 
itemised biodiversity element of concern. The disaggregated model we present can be 51 
used to account for a variety of biodiversity types in an offset exchange, and for 52 
different scales and complexities of development and impacts within both statutory 53 
and voluntary frameworks. 54 
55 
Keywords biodiversity offsetting; disaggregated currencies; net present biodiversity 56 
value 57 
58 
3 
1. Introduction59 
Biodiversity is in decline globally (Butchart et al. 2010) and will remain under 60 
pressure as the world population and demand for resources increase (Brown 2012). 61 
Continued biodiversity losses due to development provide wealth for some while 62 
eroding the wellbeing of others (Kumar 2010). Biodiversity offsetting is an evolving 63 
mechanism that attempts to mitigate losses and manage associated risks (BBOP 64 
(Business and Biodiversity Offsets Programme) 2013). The approach requires 65 
development-induced losses in one place and time (the impact site) to be addressed by 66 
delivering biodiversity gains at another place and time (the offset site) with the goal of 67 
achieving no net loss. The practice of biodiversity offsetting is becoming increasingly 68 
popular as a way to compensate for development impacts (Calvet et al. 2015; 69 
Gonçalves et al. 2015; Ives and Bekessy 2015; Maron et al. 2016; Rainey et al. 2015). 70 
71 
Biodiversity offsetting is controversial because it has yet to establish a compelling 72 
track record of achievement of either implicit or explicit goals (Brown et al. 2014; 73 
Harper and Quigley 2005; Maron et al. 2012; Matthews and Endress 2008; Walker et 74 
al. 2009). The concept is often used by development advocates to promise ‘win-win’ 75 
outcomes, a claim which attracts scepticism and controversy (Gordon et al. 2015). 76 
Biodiversity offsetting relies on using techniques with uncertain outcomes (e.g. 77 
'restoration' Hobbs et al. 2011) to generate future gains in biodiversity values, 78 
assumes there is sound scheme design, and that regulators and developers will honour 79 
offsetting agreements on behalf of the public who would bear the costs of any net 80 
biodiversity loss. Consequently offsetting is a polarising concept criticised for the 81 
risks to biodiversity (e.g. Maron et al. 2010; Spash 2015; Walker 2010; Walker et al. 82 
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2009) but supported for its potential to enhance biodiversity outcomes (e.g. Holmes et 83 
al. 2016; Norton 2007; Norton and Warburton 2014). 84 
85 
There is general agreement within this wider debate that sound offsetting requires as 86 
prerequisites: i) strict adherence to the mitigation hierarchy, whereby an offset 87 
arrangement is only applied to residual impacts after all other impacts on biodiversity 88 
have been avoided, minimised, and rehabilitated/restored on site and ii) a recognition 89 
that some elements of biodiversity are irreplaceable or vulnerable, limiting what can 90 
be offset. Key conditions that should also be met include: a) the technical feasibility 91 
and success of proposed restoration/management actions have been demonstrated, or 92 
uncertainty in the chance of success has been accounted for; b) anticipated gains are 93 
demonstrably adequate to compensate for the losses; c) time lags between losses and 94 
gains occurring are adequately addressed; d) all additional aspects of uncertainty 95 
beyond success of offset action are accounted for, and e) currencies used to describe 96 
and account for the biodiversity being traded are transparent and rely on defensibly 97 
measurable units (BBOP 2013; Gardner et al. 2013; Maron et al. 2016; McKenney 98 
and Kiesecker 2010). 99 
100 
We note that these conditions are aspirational because acceptable thresholds of 101 
compliance are poorly defined (e.g. what is ‘adequate’ avoidance?). How to determine 102 
that compliance has been achieved, who makes this decision, and who bears the cost 103 
of noncompliance remain contentious. Despite this, there remains scope for improving 104 
biodiversity offsetting by developing tools and processes that address each of the 105 
problematic conditions. Here we present a decision support tool in the form of a 106 
disaggregated accounting model (herein the Disaggregated Model) for estimating 107 
5 
ecological equivalency, which we suggest improves on more aggregated metrics by 108 
explicitly describing and measuring biodiversity elements of interest and thereby 109 
providing a more robust and transparent estimation of ecological equivalency 110 
demonstrated by offset proposals (condition e above). Our Disaggregated Model 111 
incorporates aspects of all the key conditions listed above, but its principal advantage 112 
is its use of disaggregated currencies. To fully appreciate this advantage, we first turn 113 
our attention to the importance of currencies in trading biodiversity and why 114 
(dis)aggregation matters. 115 
116 
Central to the concept of biodiversity offsetting is the requirement first to measure, 117 
quantify, and express as currencies the biodiversity lost to development and gained 118 
via the offset, and second, to balance this exchange to establish whether or not no net 119 
loss has been demonstrated. Currencies describe how much of what is exchanged in a 120 
biodiversity offset trade and have a substantial influence on the outcomes for 121 
biodiversity (Bull et al. 2014; Gonçalves et al. 2015; Strange et al. 2002). Therefore, a 122 
currency needs to capture what is important, both ecologically and to society, and 123 
should minimize exchanges of biodiversity elements not explicitly accounted for 124 
(Salzman and Ruhl 2000). 125 
126 
Currencies can either aggregate measures of biodiversity into a composite unit or 127 
individually account for each measured biodiversity element of interest (i.e. more 128 
disaggregated currencies). However, it is misleading to perceive a strict dichotomy of 129 
aggregated or disaggregated currencies, and the concept is better expressed as a 130 
continuum along which specific characteristics are expressed to a greater or lesser 131 
degree (Table 1). For example, hollows in trees could be counted, or they could be 132 
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described more finely before being measured. Reviews comparing offset policies and 133 
currencies across various jurisdictions which further illustrate the continuum have 134 
been well summarised elsewhere (e.g. Bull et al. 2014; McKenney and Kiesecker 135 
2010). 136 
 137 
All currencies variously aggregate elements of biodiversity and so will result in some 138 
level of concealed trade. Concealed trades are exchanges of biodiversity elements that 139 
are not explicitly accounted for and which are either offset implicitly or lost in the 140 
exchange (e.g. different canopy tree species within the same vegetation type, or genes 141 
within species). Therefore, what is critical in designing a currency for biodiversity 142 
offsetting is that the elements of biodiversity for which no net loss is the desired 143 
outcome are not aggregated in such a way that unintended substitution can occur. The 144 
target biota for which no net loss is a specific goal are likely to be determined by a 145 
range of factors such as those required to meet conservation objectives, or provide 146 
required ecosystem services. For example, if maintaining critical components of a 147 
forest habitat is the goal and canopy cover is one of those components, it may be 148 
acceptable to aggregate canopy cover of functionally-similar species within a measure 149 
to represent canopy cover. This level of aggregation would not be appropriate if the 150 
level of interest was individual tree species that contribute to canopy cover, or if 151 
species of concern have a strong preference for particular tree species. Likewise, 152 
canopy and understory measures should not be aggregated into a single measure if 153 
both these things are individually of interest. 154 
 155 
More aggregated currencies tend to be favoured in offset scheme designs because they 156 
reduce complexity (by virtue of having fewer measures to find an adequate offset for), 157 
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minimise transaction costs, and support market flexibility by allowing substitution of 158 
one element for another within the currency. Thus matches do not need to be precise. 159 
If the aggregated currency allows substitution among elements of biodiversity that are 160 
individually valuable, then in effect, they allow out-of-kind trades to occur (Gibbons 161 
and Lindenmayer 2007; van Teeffelen et al. 2014; Walker et al. 2009). 162 
 163 
The limitations of using more aggregated currencies to evaluate offset exchanges 164 
share conceptual similarities to the risks of aggregation within other market based 165 
instruments such as Payment for Ecosystem Services (PES) schemes. PES schemes 166 
are intended to incentivise sustainable management of biodiversity and ecosystem 167 
service provision by trading payments (credits) for observable proxies for ecosystem 168 
services (such as actions or outcomes, Jack et al. 2008). Aggregation occurs within 169 
these markets via ‘stacking’ (separate payments for multiple ecosystem services 170 
derived from the same spatial unit) or ‘bundling’ (single payment for management 171 
action that influences provision of multiple ecosystem services). While bundling has 172 
the potential to achieve a wider range of benefits (e.g. Deal et al. 2012; Wendland et 173 
al. 2010) and stacking ecosystem services provides the potential to focus on multiple 174 
functions and services, this aggregation can also create accounting challenges and 175 
lead to concealed or unequal trades (Robertson et al. 2014). There is a crucial 176 
difference between PES schemes and biodiversity offsetting in that PES schemes are 177 
designed to encourage and reward positive outcomes (gain, or maintenance of 178 
biodiversity and ecosystem services) whereas biodiversity offsetting is designed to 179 
balance negative outcomes (loss). Therefore, aggregation within PES schemes carries 180 
with it less risk than does using more aggregated currencies to evaluate biodiversity 181 
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offsetting proposals, except when PES schemes are operating as compensatory 182 
mechanisms to address negative impacts (e.g. Robertson et al. 2014). 183 
 184 
More disaggregated currencies may be more costly and complicated to use than more 185 
aggregated currencies as they replace single composite measures with many separate 186 
measures, each of which must be separately accounted for. However, many 187 
aggregated currencies require measurement of the biodiversity elements that are 188 
ultimately bundled into a single metric (e.g. the ‘habitat hectares’ approach (Parkes et 189 
al. 2003) requires in-field measurement of ten habitat elements). Requiring a greater 190 
total number of biodiversity elements to be independently measured and accounted 191 
for may well increase cost and complexity of using more disaggregated currencies. 192 
However, in many situations these disadvantages are likely to be outweighed by the 193 
reduced risk of unaccounted-for biodiversity loss, improved transparency as to what is 194 
included in the trade, and enhanced ability for evaluation of the offset proposal by 195 
stakeholders leading to improved social equity. This is particularly true for nations 196 
where biodiversity is reasonably well known such as New Zealand, or where there is a 197 
willingness to undertake thorough assessments in order to add to biodiversity 198 
knowledge. Elsewhere, such as areas where information on biodiversity is poor, the 199 
additional time and cost associated with using highly disaggregated currencies may 200 
prove prohibitive. 201 
 202 
The Disaggregated Model we describe here provides an improved means to evaluate 203 
ecological equivalency by individually describing all biodiversity elements of interest 204 
and, for each, balancing losses at an impact site with anticipated gains at an offset site. 205 
Thus ‘what we care about’ is explicitly identified and matched with what is measured 206 
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and individually evaluated. Exactly what constitutes ‘what we care about’ (the target 207 
biota to be offset) is a crucial component of an offset design but can be challenging to 208 
define (Bull et al. 2016; Maron et al. 2016). The Disaggregated Model does not 209 
dictate the target biota to be offset and this would ideally be defined by clearly stated 210 
policy or conservation objective, or, in the absence of such direction, determined by 211 
stakeholders. Although designed to estimate biodiversity offset requirements within 212 
the largely voluntary New Zealand context, it is equally applicable for making 213 
transparent the set of assumptions behind any offset calculation. While the targets of 214 
biota to be exchanged would differ, the logic of calculating losses and gains in an 215 
offset exchange are universal, thus the model’s non-prescriptive structure allows its 216 
application across diverse developments and planning frameworks. 217 
 218 
2. Planning framework 219 
New Zealand has been identified as a global biodiversity ‘hotspot’ largely due to its 220 
high rates of endemism (e.g. 65% of vertebrate species and 51% of plant species) 221 
(Myers et al. 2000) and diversity of ecosystems. Despite the recognised conservation 222 
importance of New Zealand’s indigenous biodiversity, the country is facing a 223 
biodiversity crisis, with a higher proportion of its native species listed by the IUCN as 224 
threatened or at risk of extinction than any other country (Bradshaw et al. 2010). 225 
Since human occupation ca. 1280 A.D (Wilmshurst et al. 2008), the devastation of 226 
New Zealand’s indigenous biota has been extensive and rapid. New Zealand’s 227 
landscapes have also been heavily transformed since human occupation with the loss 228 
of approximately 75% of the indigenous forest cover (Ewers et al. 2006) and 90% of 229 
wetland habitat (Myers et al. 2013). Notwithstanding the high proportion of New 230 
Zealand’s land mass protected as public conservation land (32% (8.5 million ha)) 231 
  
 10 
administered by the Department of Conservation (Department of Conservation 232 
2014a), much unprotected biodiversity remains on privately owned land where 233 
indigenous vegetation cover and biodiversity continues to decline (Craig et al. 2000; 234 
Myers et al. 2013; Walker et al. 2006). 235 
 236 
New Zealand currently lacks overarching national policy for biodiversity conservation 237 
and associated direction for biodiversity offsetting. Consequently, while statutory 238 
obligations for offsetting in local jurisdictions are increasing, there is neither a 239 
coherent statutory requirement to offset biodiversity losses, or a voluntary policy 240 
framework that recommends requirements for an offset proposal. Despite the lack of 241 
clear and consistent policy, voluntary biodiversity offsetting is being proposed to 242 
address high profile development proposals in New Zealand. 243 
 244 
In 2014 the New Zealand Government released non-statutory guidance for the 245 
development and assessment of biodiversity offsets aimed at demonstrating no net 246 
loss (Department of Conservation 2014b). The development of the Disaggregated 247 
Model described here was instigated by the Department of Conservation as a 248 
publically-available tool in support of this guidance. 249 
 250 
3. The mechanics of the Disaggregated Model 251 
The assessment of ecological equivalence requires that the same metric is used to 252 
measure and describe both losses and gains (Quétier and Lavorel 2011). To provide a 253 
measure of equity in biodiversity exchange, the Disaggregated Model uses net present 254 
biodiversity value (NPBV) which combines concepts from systematic conservation 255 
planning (e.g. biodiversity value functions) and finance (e.g. net present value and 256 
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time discounting) (Overton et al. 2013). The structural foundation of the 257 
Disaggregated Model is a hierarchical framework developed within New Zealand’s 258 
good practice guidance (Department of Conservation 2014b) that categorises 259 
biodiversity elements into three levels: type; component; and attribute. The 260 
biodiversity type is key biodiversity feature of concern and can be an ecosystem, a 261 
habitat, or a species (e.g. Podocarp/tawa forest); biodiversity components are used to 262 
describe the biodiversity type and represent the biota of primary interest for which no 263 
net loss is to be achieved (e.g. emergent trees within the area of Podocarp/tawa 264 
forest); biodiversity attributes are the elements which comprise the biodiversity 265 
components and are measured and balanced within the Disaggregated Model (e.g. 266 
number of individuals or emergent trees). The three levels collectively describe the 267 
biodiversity at both the impact and offset sites (Fig 1). The Disaggregated Model 268 
individually evaluates each biodiversity attribute (the measure with the highest 269 
resolution within the hierarchy) using NPBV to demonstrate no net loss at the 270 
attribute level, and aggregates attributes to evaluate NPBV and demonstrate no net 271 
loss at the biodiversity component level. When aggregating to the component level, 272 
individual attribute level NPBV are retained as outputs, thus explicitly identifying any 273 
tradeoffs among attributes. Aggregation can only occur within biodiversity 274 
components and not at the two higher levels (i.e. aggregation cannot occur across 275 
biodiversity components or biodiversity types). As such, biodiversity components are 276 
the elements of biodiversity of interest, and of which no net loss is to be achieved. 277 
Data inputs required for the Disaggregated Model are listed in Table 2 and a worked 278 
example is provided in Table 3. 279 
 280 
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No net loss is demonstrated for each attribute when NPBV equals or exceeds zero. 281 
This core output of the Disaggregated Model clearly identifies ‘winners and losers’ 282 
within an exchange when no net loss is demonstrated for some attributes but not for 283 
others (Table 3). In the example provided in Table 3, a no net loss of exchange is only 284 
demonstrated for four of the seven biodiversity attributes modelled (and two of three 285 
biodiversity components). At this point of proposal evaluation, offset actions can be 286 
adjusted (e.g. applied to a larger area, or additional actions modelled that may have a 287 
greater success of increasing biodiversity gain at the offset site). For some 288 
biodiversity attributes it can be very difficult to demonstrate a no net loss exchange 289 
either because these attributes do not respond directly to management actions, or 290 
respond over very long time-periods beyond those acceptable for an offset (e.g. 291 
attributes associated with emergent trees). Such biodiversity attributes represent limits 292 
to what can be offset and would be permanently lost or otherwise socially inequitable 293 
if a proposal was to proceed. 294 
 295 
The model outputs can also be assessed at the component level by aggregating with 296 
equal weighting (averaging) attribute NPBV scores to produce a NPBV at the 297 
biodiversity component level — the level of primary interest. The model makes no 298 
presumptions as to whether some attributes are more or less ‘important’ than others, 299 
and weights all attributes equally by calculating the arithmetic mean of the attribute 300 
NPBV. The arithmetic mean is appropriate here as the average is calculated across the 301 
common metric of the NPBV score and not across the attribute condition measures. 302 
This allows a degree of transparent substitution at the attribute level where a gain in 303 
one attribute can compensate for a loss in another (Table 3). However, what is 304 
captured by this aggregation is explicit, and the structure of the Disaggregated Model 305 
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prevents substitution at the component and type levels of the biodiversity hierarchy. 306 
Thus, both aggregation and the arbitrary weighting of attributes can only occur below 307 
the level of ‘what we care about’ (as captured by biodiversity components) and not 308 
beyond. Whether this aggregation is acceptable in any given offset situation becomes 309 
part of the decision making process. 310 
 311 
The Disaggregated Model requires data inputs in the form of both measured and 312 
estimated values (Table 2) that typically would require ecological expertise to 313 
generate (e.g. suitably qualified ecologists or conservation scientists). Measurement, 314 
estimation, or prediction of data for input into the Disaggregated Model requires 315 
effort commensurate with the degree and complexity of impact on biodiversity, 316 
availability of existing information, and level of uncertainty in outcomes of proposed 317 
offset actions. This will often involve a pragmatic compromise between the cost of 318 
obtaining data and stakeholder expectations. Stakeholders expect greater precision 319 
and certainty for larger impacts on highly-valued biodiversity and transparent 320 
documentation of how these data were derived. As the methods used to generate the 321 
data required to account for losses and gains in an offset proposal (e.g. predictive 322 
models, analysis of field data etc.) are not incorporated into the Disaggregated Model, 323 
we recommend that the user compiles exhaustive and transparent supporting 324 
documentation. 325 
 326 
The Disaggregated Model does not account for spatial location of the offset, except 327 
implicitly, insofar as inputs must account for all factors influencing biodiversity, 328 
including spatial context. Thus spatial considerations of an offset design can be 329 
addressed outside the model, potentially using spatial planning processes, or 330 
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restraining the spatial scale within which an offset is valid. Beyond space (where), 331 
time (when), and type (what), there are many other types of flexibility in biodiversity 332 
offsets including the why, who, and how (Bull et al. 2015). These and other types of 333 
flexibility identified and described by Bull et al. (2015) are not addressed within the 334 
Disaggregated Model, with the exception, in part, of ‘how’. We treat different means 335 
of achieving the same gains in biodiversity values as interchangeable (Bull et al. 336 
2015). 337 
 338 
3.1 Mathematical approach 339 
The Disaggregated Model uses currencies in the form of explicit field measurements 340 
or quality scores for each biodiversity attribute relative to a benchmark for that 341 
attribute (Overton et al. 2013). The benchmark provides a reference condition 342 
measure specific to each biodiversity attribute which reflects a ‘natural’ condition and 343 
therefore the desirable state. Measures of attribute condition at both the impact site 344 
and offset site are capped at 100% of the benchmark value. In this simplified 345 
approach an exceedance of the benchmark value is considered neutral. However, this 346 
unintentionally allows for any negative outcome of exceeding the benchmark value to 347 
be regarded as a gain, highlighting the importance of maintaining ecological expertise 348 
and oversight in the application of the model. The model also assumes a positive 349 
linear relationship between a measured quantity of a biodiversity attribute and the 350 
value of that attribute to the point where it plateaus as the benchmark value is reached 351 
(or exceeded). Thus the model uses ‘proportion of the benchmark’ as a proxy for 352 
relative quality when measuring biodiversity attributes pre and post impact and offset. 353 
In theory, many of the implied linearity in our approach could be made non-linear, but 354 
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to do so would be both difficult due to the current limited understanding of such 355 
relationships, and impractical in terms of maintaining simplicity of the model. 356 
 357 
In essence, the model compares the Biodiversity Value (BV) at the impact site (a 358 
negative value) to that at the offset site (a positive value). The BV at the impact site is 359 
the difference in the condition of a biodiversity attribute before and after impact, 360 
divided by the benchmark value and multiplied by the area of impact. The BV at the 361 
offset site is the difference in the condition of a biodiversity attribute post and prior to 362 
offset, divided by the benchmark value, adjusted to account for uncertainty, 363 
discounted for time delay between the impact and the offset benefit occurring, and 364 
multiplied by the area of the offset. The final calculation returns the NPBV for each 365 
biodiversity attribute and component (Fig. 2, Table 3). 366 
 367 
The Disaggregated Model calculations estimate ecological equivalency against a 368 
static baseline of ‘before the impact/offset’. Thus, the model does not permit averted 369 
loss credits (e.g. from protecting habitat that would otherwise be under threat) and 370 
deliberations regarding any offset benefits from averted loss remain a component of 371 
the wider decision making process external to the model. It also does not allow for 372 
scenarios in which biodiversity values would improve without intervention. 373 
 374 
3.1.1 Accounting for uncertainty 375 
The Disaggregated Model is limited in its treatment of uncertainty, incorporating only 376 
an estimate of the likelihood of success of an offset action. This uncertainty is 377 
expressed as the level of confidence that the proposed offset action will result in the 378 
predicted gain in biodiversity value (‘low confidence’, >50% <75% chance of 379 
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success; ‘confident’, >75% <90%; ‘very confident’, >90% as defined in Table 2). The 380 
level of confidence is determined by a user with appropriate ecological expertise. 381 
Evidence or justification for this choice should be provided in accompanying 382 
documentation. A multiplier, the rate of which is set at the mid-point of the 383 
percentage range associated with each confidence level (e.g. selecting the low 384 
confidence level returns a multiplier of 0.62), is applied to the post-offset condition 385 
value for each biodiversity attribute. This multiplier differs from others (e.g. Laitila et 386 
al. 2014; Moilanen et al. 2009) in that a value < 1 is applied to the expected gain at 387 
the offset site to discount estimated benefit, compared with a value (typically > 1) 388 
applied to the loss at the impact site to estimate the gain required. The mathematical 389 
principle of the two approaches are the same with both adjusting the amount of offset 390 
gain required to achieve no net loss. 391 
 392 
3.1.2 Accounting for equity across time 393 
The Disaggregated Model uses discounting, incorporated into the calculation of 394 
NPBV (Figure 2), to address the time-lag between future biodiversity gains (at the 395 
offset site) being realised and biodiversity losses occurring (at the impact site). Using 396 
a discount rate allows future values to be expressed in equivalent terms to present 397 
values, as long as a feasible time preference can be estimated (Dunford et al. 2004). 398 
Structurally embedding the application of a discount rate into the model ensures that 399 
accounting for equity across time is directly integrated into calculations of ecological 400 
equivalency. However, the Disaggregated Model does not prescribe the rate of 401 
discount requiring the user to determine this value. 402 
 403 
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Determining an appropriate rate and form of discounting is no easy task given the 404 
uncertainties inherent in trading biodiversity and difficulties in truly compensating for 405 
temporal losses (Bekessy et al. 2010; Gardner et al. 2013; Walker 2010), but it is an 406 
important consideration as calculations are sensitive to the rate used (Denne and 407 
Bond-Smith 2011; Gibbons et al. 2015; Moilanen et al. 2009). Users of the 408 
Disaggregated Model may choose, for example, to refer to New Zealand’s good 409 
practice guidance document (Department of Conservation 2014b) and supporting 410 
documentation (Denne and Bond-Smith 2011) for guidance on choosing an 411 
appropriate discount rate. Evans et al. (2013) provide an overview of use of discount 412 
rates and introduce an approach to account for ‘ecological time preference’ over time 413 
and space when calculating offset requirements for threatened species. Dunford et al. 414 
(2004), Laitila et al. (2014), and Cole (2011) also provide valuable discussion on 415 
discounting for equity across time. We recommend that discount rates used within the 416 
Disaggregated Model are described and justified within supporting documentation. 417 
 418 
3.1.3 Calculating NPBV across time-steps 419 
The Disaggregated Model calculates the total biodiversity gains at a stated end-point 420 
of an offset proposal. However, biodiversity gains often accrue gradually. In some 421 
situations it may be of use to decision makers to understand when gains in 422 
biodiversity attributes are expected or when no net loss is demonstrated. The 423 
Disaggregated Model allows for this as an option via a sub-model that calculates 424 
cumulative NPBV at five-yearly time intervals to a maximum of 35 years (the 425 
maximum life of a resource consent (permit for activities controlled by a resource 426 
management plan) in New Zealand). 427 
 428 
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4. Discussion  429 
Our Disaggregated Model is an advance on models that use simple, aggregated 430 
currencies because it reduces concealed trades. It does this by explicitly calculating 431 
NPBV for each biodiversity attribute, identifying any tradeoffs between attributes 432 
when aggregating to the component level, and preventing aggregation beyond the 433 
component level. Other offset accounting systems also use net present value to 434 
evaluate offset proposals such as the Australian Federal Government’s Environmental 435 
Protection and Biodiversity Conservation Act (EPBC) Environmental Offsets Policy 436 
assessment guide (Miller et al. 2015), and a recently developed, simple loss-gain 437 
calculator (Gibbons et al. 2015). Both these calculators can accommodate 438 
disaggregated currencies, but do so less explicitly than the Disaggregated Model. The 439 
Disaggregated Model allows for flexibility in a number of factors including: type of 440 
offset action; discount rate; the anticipated number of years from the time of 441 
implementing the offset actions until the offset actions are expected to achieve the 442 
offset goal; calculation of NPBV at a stated end-point, or cumulatively over five-443 
yearly intervals, and can relatively easily be run multiple times for different offset 444 
scenarios and for different target biota. This flexibility shares similarities with other 445 
approaches for evaluating equivalency such as the Habitat and Resource Equivalency 446 
Analysis (HEA and REA) applied in natural resource damage assessment (Quétier 447 
and Lavorel 2011). Although the HEA/REA can be applied in a disaggregated way, 448 
this is not always the case and the use of proxies or aggregation of several metrics can 449 
occur. 450 
 451 
4.1 Limitations of the Disaggregated Model  452 
4.1.1 Use of an area by condition currency 453 
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Single area by condition currencies rest upon two fundamental assumptions: 454 
1) substitution, that both area of habitat and condition of habitat, and different 455 
elements of condition, are equitable and exchangeable; and 2) surrogacy, that area 456 
and condition adequately capture all other aspects of biodiversity representation by 457 
proxy, although there is no theoretical basis that validates these assumptions. 458 
Therefore, such currencies are unlikely to adequately account for the full range of 459 
biodiversity at an impact site (Overton and Stephens 2015). The Disaggregated Model 460 
avoids the surrogacy issue by applying the area multiplier separately to the condition 461 
measure (biodiversity value) of each biodiversity attribute entered into the model. 462 
However, it is still subject to potential substitution between area and condition within 463 
each attribute. 464 
 465 
4.1.2 Unrealistic counterfactual scenarios 466 
Counterfactual scenarios describe what is expected to happen in the absence of the 467 
offset and thus provide a baseline trajectory against which offset gains can be 468 
estimated (Maron et al. 2015; Maron et al. 2013). Unrealistic counterfactual scenarios 469 
are an issue in biodiversity offsetting practice generally, which the Disaggregated 470 
Model does not resolve. The Disaggregated Model assumes a counterfactual scenario 471 
based on a static baseline (no expected background loss or gain). In making this 472 
assumption the Disaggregated Model disregards gains made by averting loss (e.g. 473 
through protection and maintenance of condition which otherwise would decline) and 474 
accepts gains that would have occurred anyway in the absence of the offset (for 475 
example, if the condition of a site is improving without intervention). 476 
 477 
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While a static baseline is an unlikely counterfactual scenario for many elements of 478 
biodiversity, it was adopted due to the high uncertainty in empirically describing 479 
counterfactuals and setting accurate and defensible baselines. Allowing the use of 480 
declining baselines carries risks: if the rate of decline is overestimated, this steep 481 
declining biodiversity trajectory becomes entrenched as the net outcome from the 482 
impact and the offset need only match the baseline trajectory, i.e. a smaller offset is 483 
required (Gordon 2015; Maron et al. 2015). Conversely, an overly optimistic 484 
trajectory of improvement would require greater offset gains to be generated than 485 
required to demonstrate no net loss. Both errors incur costs: in the latter scenario these 486 
costs fall to the developer while in the former scenario they fall to the wider 487 
community and are paid for with further biodiversity loss. In developing the 488 
Disaggregated Model, the consequences of incorrectly describing the baseline 489 
trajectory were considered to have greater likelihood of jeopardising ‘no net loss’ 490 
goals than did assuming a static baseline, and thus accounting for dynamic baselines 491 
was not built into the model. However, where dynamic baselines specific to each 492 
biodiversity attribute can be reliably calculated (outside of the model), this 493 
background rate of change can be incorporated into the estimates of attribute 494 
condition post offset that are entered into the model. Any alternative baselines 495 
incorporated into estimated measures of biodiversity attributes should be well 496 
described and justified in supporting documentation to maintain transparency. 497 
 498 
4.1.3 Dealing with uncertainty 499 
The Disaggregated Model relies on a simplistic multiplier to account for the 500 
uncertainty of offset actions being successful but does not account for any other forms 501 
(e.g. theoretical, technical, operational, institutional, and financial) of uncertainty 502 
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which should be addressed outside of the model during offset design. The formulas 503 
embedded in the Disaggregated Model to calculate net present biodiversity value are 504 
set for a constant discount rate (geometric discounting), and therefore the model does 505 
not allow for alternative forms of discounting that might reduce uncertainty associated 506 
with the rate and form of discount rates. However, use of geometric discounting, 507 
while recognised to be imperfect, maintains explicability, simplicity, and transparency 508 
of the model, and in-lieu of an uncontested alternative is a reasonable approach. 509 
Further, the time horizon within which gains are anticipated to be achieved can vary 510 
for each biodiversity attribute evaluated within the model. Thus, discount rates only 511 
apply for the duration of a specified time horizon and gains achieved in the short term 512 
can be recognised without incurring undue discount. 513 
 514 
Uncertainty can also be introduced into the model via the estimation or prediction of 515 
biodiversity attribute measures where direct measurement can not occur (e.g. the 516 
prediction of change in biodiversity attribute due to offset action). When expert 517 
judgement is relied on to generate data, inherent bias and uncertainty can be reduced 518 
using structured elicitation methods for arriving at estimations such the Delphi 519 
Method which has been used in other ecological models (e.g. Kuhnert et al. 2010; 520 
MacMillan and Marshall 2006). 521 
 522 
The incomplete manner in which the Disaggregated Model addresses uncertainty is 523 
not uncommon in other offset design support tools due to the current lack of methods 524 
to account for uncertainty. Other disciplines (e.g. engineering) have developed 525 
sophisticated approaches to dealing with uncertainty and risk that incorporate 526 
assessment of information adequacy at the outset, sequential decision making, 527 
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iterative project management, and contingency planning (Pich et al. 2002). However, 528 
uncertainty is a largely undeveloped aspect of biodiversity offsetting accounting that 529 
requires more research and development. 530 
 531 
Despite the limitations, uncertainties, and ethical dilemmas (e.g. Devictor 2015; Ives 532 
and Bekessy 2015; Maron et al. 2012; Moreno-Mateos et al. 2015; Walker 2010) 533 
associated with biodiversity offsetting, it has become increasingly popular as a policy 534 
approach and conservation tool and the practice is unlikely to cease. Biodiversity 535 
offsetting is a high-stakes endeavour, especially so if applied to threatened species 536 
and habitats, and therefore increasing robustness and transparency of offset proposals 537 
and maintaining a strict adherence to the mitigation hierarchy, limitations of 538 
offsetability, and other generally accepted principles remains imperative. Addressing 539 
uncertainty should be a critical component of the wider decision making process and 540 
this will require input from suitably qualified experts for each area of uncertainty 541 
(Miller and Lessard 2001). However, adequate multiplier rates will remain elusive 542 
until enough is known about trajectories of restoration and habitat recovery and the 543 
current lack of ability to account adequately for uncertainty within biodiversity 544 
offsetting highlights the importance of monitoring and adaptive management. 545 
 546 
4.2 Key features of the Disaggregated Model structure 547 
4.2.1 Simplicity  548 
The Disaggregated Model is driven by simple calculations and multipliers to account 549 
for time-lags and uncertainty. While not without limitations, these are transparent and 550 
manipulable, making the mechanics and outputs of the model easy to comprehend and 551 
avoiding mystifying ‘black box’ computations. To generate calculations, the 552 
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Disaggregated Model requires only the kind of data that developers can reasonably be 553 
expected to assemble, such as reproducible field measurements of biodiversity 554 
attributes obtained using standard methods. Estimates of future measures (e.g. post 555 
impact and post offset) may require a further level of complexity (e.g. predictive 556 
population modelling or stand dynamics modelling), but could also potentially be 557 
informed by expert judgement when sufficient knowledge exists to inform it. Such 558 
estimates reflect a formalisation of assumptions that are always made (although often 559 
implicitly) in evaluating offsets (Maron et al. 2013). It is expected that the level of 560 
complexity of inputs would be commensurate with the complexity and conservation 561 
value of the impacted biodiversity. In any case, the relatively simple structure of the 562 
Disaggregated Model means input measures can easily be reviewed by stakeholders, 563 
facilitating objective assessment. Further, this relatively user-friendly model structure 564 
and interface allows for less arduous calculation of alternative offset proposals and 565 
easy comparison of model outputs. 566 
 567 
4.2.2 Use of benchmark values 568 
Benchmarks are used to describe a reference reflecting a natural or otherwise 569 
desirable ecological condition against which current and estimated future values at 570 
both the impact and offset site can be compared. Locating reference sites in a 571 
condition state suitable to define a benchmark can be challenging, especially in 572 
landscapes where biodiversity has become much reduced or modified. The 573 
Disaggregated Model requires benchmarks for each attribute. When defensible 574 
reference sites are lacking, modelling or expert opinion will be needed to replace field 575 
measurements. Although feasible, this can be more costly and potentially less 576 
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transparent and robust. However, the use of structured expert elicitation methods can 577 
help reduce the later two issues. 578 
 579 
Despite challenges in defining defensible values, the use of benchmarks allows for a 580 
fairer approach for both sides of the trade. Referencing sites to a benchmark reduces 581 
the risk of false claims of poor condition at either an impact or offset site, which could 582 
lead to under-estimation of loss and over-estimation of gain. The use of benchmarks 583 
also caps predicted gains from offsets by restricting values to no more than 100% of 584 
their potential (benchmark) value. The limitations and complexity associated with 585 
benchmarks adds complexity to the input requirements of the Disaggregated Model, 586 
but maintains ecological robustness and in doing this so explicitly improves 587 
transparency. 588 
 589 
4.3 The potential for application of the Disaggregated Model to estimate out-of-kind 590 
exchanges of biodiversity  591 
Strict equivalency requirements have been questioned on the grounds that they can 592 
increase costs as finding a suitable offset (action or location) can be difficult (Habib et 593 
al. 2013), creating fewer options (Gibbons et al. 2015). We suggest that restricting 594 
divergence between that lost and that gained is appropriate for biodiversity of 595 
conservation concern, with restrictions tightening as level of conservation concern 596 
increases (Pilgrim et al. 2013). 597 
 598 
The adaptability of the Disaggregated Model to a simple approach for restricted out-599 
of-kind (but ecologically similar) compensatory exchanges has recently been 600 
demonstrated (Overton and Stephens 2015). While we agree that there is scope for 601 
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out-of-kind exchanges to achieve strategic conservation outcomes, we caution against 602 
the application of the Disaggregated Model for this purpose in the absence of well-603 
defined restrictions on trade options and socially acceptable exchange rates among 604 
dissimilar attributes. Such a framework should at the very least ensure that the 605 
exchange always results in ‘trading up’ (greater gains for lesser losses) (BBOP 2012; 606 
IUCN 2014). 607 
 608 
5. Conclusions 609 
As it is impossible to fully account for biodiversity loss across type, space, and time, 610 
offsetting is an imperfect and controversial response ameliorating the impact of 611 
development (Maron et al. 2016). Despite this, and as development pressures on 612 
biodiversity intensify, it is probable that decision makers will continue to use 613 
offsetting to manage impacts. Thus, the need to improve how offset requirements are 614 
calculated remains an urgent challenge. The pervasive issues associated with 615 
biodiversity offsetting (across offset design, accounting, governance, and compliance) 616 
may prove intractable. In the meantime, advancing support tools such as the 617 
Disaggregated Model provides a useful contribution to offset design and assessment 618 
globally. The use of disaggregated currencies to describe biodiversity losses and gains 619 
in an offset exchange improves on aggregated metrics by allowing for unequivocal 620 
description and measurement of the biodiversity elements of interest, more explicit 621 
estimation of whether an offset proposal can achieve no net loss, reduced risk of 622 
concealed trades, and greater transparency in decision making. 623 
 624 
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 838 
Figure 1: Conceptual diagram of the hierarchy levels used to categorise biodiversity 839 
in the design of an offset (as follows the Guidance on Good Practice Biodiversity 840 
Offsetting in New Zealand (Department of Conservation 2014b) illustrated with 841 
hypothetical examples. Collectively, the levels describe ‘what we care about’ in the 842 
context of a biodiversity offset proposal. In this example from New Zealand, a 843 
proposed development will impact on two ‘types’ of biodiversity: podocarp/tawa 844 
forest and the North Island kaka.  845 
 846 
 847 
Figure 2: Process diagram of the Disaggregated Model showing inputs and step-wise 848 
calculations for both impact and offset models. 849 
  850 
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Table 1: Key characteristics of currencies used to evaluate biodiversity offset 851 
proposals related to the degree of aggregation within the currency. 852 
 853 
Characteristic More aggregated  More disaggregated 
Measure of biodiversity elements of 
concern 
Composite or surrogate measure 
to describe many elements 
Many and/or direct measures of 
all biodiversity elements of 
interest 
Risk of concealed trades Higher  Lower (occurs only below level of 
disaggregation) 
Ability to substitute biodiversity 
elements 
Higher Lower (occurs only below level of 
disaggregation)  
Transparency of what is being traded 
(ability to evaluate offset proposal, 
and to track performance of offset 
action) 
Less transparent More transparent 
Opportunity for offset market Wider (easier to find a match of a 
composite measure of 
biodiversity) 
Narrower (more difficult to find a 
match across multiple elements 
of biodiversity, may require 
multiple offset sites) 
Examples Habitat hectares (Parkes et al. 
2003); Quality hectares (Temple 
et al. 2012); UK pilot metric (2012) 
Disaggregated Model (this paper); 
Units of Global Distribution 
(Temple et al. 2012); Loss-gain 
calculator (Gibbons et al. 2015) 
 854 
Table 2: Data requirements for the Disaggregated Model. These data are entered for 855 
each biodiversity attribute of interest. As the Disaggregated Model is non-856 
prescriptive, these values are not fixed within the model and all are required to be 857 
input by the user. 858 
Data requirements Explanation 
Impact Model 
Measurement unit The unit (e.g. count, percentage, frequency etc.) used to measure 
the biodiversity attribute. 
Area of impact  The area (recorded in hectares) that supports the biodiversity type 
and over which the biodiversity attribute will be impacted by the 
proposal. 
Benchmark The benchmark value is specific to each biodiversity attribute. 
Measurements of ecological condition or quality require reference 
to a benchmark state that reflects a ‘natural’, ‘pristine’ or other 
desirable condition. The benchmark provides an objective 
framework and a common reference point for the evaluation of 
biodiversity losses and gains at impact and offset sites. 
Measure prior to impact The measured value of the biodiversity attribute at the impact site 
prior to the proposed impact occurring. This measure is adjusted 
against the benchmark value within the Disaggregated Model 
calculations. 
Measure after impact The estimated value of the biodiversity attribute at the impact site 
assuming the proposed impact has occurred. This measure is 
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adjusted against the benchmark value within the Disaggregated 
Model calculations. 
Offset Model  
Discount rate A discrete discount rate to address equity over time as chosen and 
justified by the user. 
Proposed offset actions Brief detail of the proposed offset actions (management 
intervention) is entered into the Disaggregated Model. This 
information is not used in the calculations, but provides useful 
context and justification for the chosen confidence level. 
Offset area The area (recorded in hectares) over which the offset actions 
related to the biodiversity attribute will be implemented. 
Confidence in offset actions This is an estimation of the likelihood that the proposed offset 
actions will be successful within the specified time horizon. This 
estimation reflects that even with proven management techniques 
some uncertainty regarding outcomes is always present. There are 
three fixed levels of confidence within the Disaggregated Model 
from which the user choses one for each offset action. The 
confidence levels are defined as:  
Low confidence The proposed offset action uses methods that 
have either been successfully implemented in the situation and 
context relevant to the offset site but infrequently, or the 
outcomes of the proposed offset action are not well proven or 
documented, or success rates elsewhere have been shown to be 
variable. Likelihood of success is >50% but <75%. 
Confident The proposed offset action uses well known and often 
implemented methods which have been proven to succeed 
greater than 75% of the time although enough complicating 
factors and/or expert opinion exists to not have greater 
confidence in this offset action. Likelihood of success is greater 
than 75% but less than 90%. 
Very confident The proposed offset action uses methods that are 
well tested and repeatedly proven to be very reliable for the 
situation and context relevant to the offset site; evidence-based 
expert opinion is that success is very likely. Likelihood of success is 
>90%. 
The Disaggregated Model prevents offset actions with a 
confidence of <50% to be proposed within an offset design. The 
user-selected confidence level dictates the multiplier applied to 
the condition measure at the offset site to account for uncertainty 
in the offset action being successful. The multiplier is set as the 
mid-point of the range of likelihood of success within each 
confidence level (low confidence midpoint = 62%, multiplier = 
0.62; Confident midpoint = 82.5%, multiplier = 0.825; Very 
confident midpoint = 95.5%, multiplier = 0.955). 
Benchmark The benchmark value entered for each biodiversity attribute in the 
Input Model is transposed into the Offset Model. 
Measure prior to offset The measured value of the biodiversity attribute at the offset site 
prior to the proposed offset occurring. This measure is adjusted 
against the benchmark value within the Disaggregated Model 
calculations.  
Measure after offset The estimated value of the biodiversity attribute at the offset site 
assuming that the proposed offset has occurred. When using the 
five-yearly time interval option of the Offset Model, this is initially 
the estimated value of the biodiversity attribute at the offset site 
prior to the proposed offset occurring, and thereafter the 
estimated value at each time interval (Year 1, Year 5 etc.) This 
measure is adjusted against the benchmark value within the 
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Disaggregated Model calculations. 
Time until endpoint The anticipated number of years from the time of implementing 
the offset actions until the offset actions are expected to achieve 
the offset goal. This is a static time-horizon (e.g. 25 years) when 
using the finite time horizons option of the Offset Model, and set 
at Year 1, 5, 10…35 when using the five-yearly time interval option 
of the Offset Model. 
859 
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Table 3: A hypothetical example using the Disaggregated Model. Panel A shows how biodiversity elements to which the model calculations will 860 
relate are described and measured; benchmark measure for each attribute; and proposed offset action. Panel B shows measures and biodiversity 861 
value for each attribute at both the impact and offset sites. Panel C shows the net present biodiversity values and whether a no net loss exchange 862 
between the impact and offset site at both biodiversity attribute and biodiversity component has been demonstrated, using a discount rate of 3%. 863 
This example illustrates how the Disaggregated Model aggregates within a biodiversity component and thus allows for substitution between 864 
biodiversity attributes but transparently identifies tradeoffs between attributes. Users and decision makers would decide whether a loss of a given 865 
attribute is acceptable or not. A simplified example is provided here, for more detailed scenarios and worked examples see the Disaggregated 866 
Model User Guide (Maseyk et al. 2014). 867 
A 868 
Biodiversity  
Type 
Biodiversity  
Component 
Biodiversity  
Attribute 
Measurement unit Benchmark Proposed offset action Area of 
offset 
(ha) 
1 Podocarp/tawa forest 
1.1 Emergent trees 1.1a Number of emergent individuals Count (#) 25 
Restoration of habitat condition 600 
  1.1b Crown cover Percentage cover 
(%) 
90 
  1.1c Basal area Basal area (m2/ha) 6 
1.2 Canopy 1.2a Native representation Percent (%) 100 
  1.2b Cover of native vascular plant species 
in the canopy 
Percentage cover 
(%) 
95 
  1.2c Height of canopy Height (m) 20 
2 North Island kaka 2.1 Breeding 
population size 
2.1a Number of breeding pairs Count (#) 4 Restoration of habitat condition 
and intensive predator control 
around nest sites 
600 
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B 870 
  Impact site  Offset site 
Biodiversity attribute Area of 
impact 
(ha) 
Measure 
prior to 
impact 
Measure 
after 
impact 
Biodiversity 
value at 
impact site 
 Confidence 
in offset 
action 
Measure 
prior to 
offset  
Measure 
after 
offset 
Time 
until end 
point 
(years) 
Biodiversity 
value at offset 
site 
1.1a Number of emergent individuals 
150 
13 0 -78  
Very 
confident (> 
90%) 
13 13 
10 
0 
1.1b Crown cover 50 0 -83  65 85 95 
1.1c Basal area 1 0 -32  1 2 12 
1.2a Native representation 45 0 -68  40 95 25 151 
1.2b Cover of native vascular plant species in the canopy 50 0 -79  50 90 25 115 
1.2c Height of canopy 20 0 -150   15 20 30 59 
2.1a Number of breeding pairs 150  1 0 -38  Confident 
(75–90%) 
1 2 35 44 
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C 872 
 873 
Attribute level Net Present Biodiversity Value calculations Component level Net Present Biodiversity Value calculations 
Biodiversity attribute Attribute Net 
Present 
Biodiversity 
Value 
No Net Loss 
at attribute 
level 
Biodiversity component Component Net 
Present Biodiversity 
Value 
No Net Loss at 
component level 
1.1a Number of emergent individuals -78 No 
1.1 Emergent trees -29 No 1.1b Crown cover 11 Yes 
1.1c Basal area -19 No 
1.2a Native representation 83 Yes 1.2 Canopy 9 Yes 1.2b Cover of native vascular plant species in canopy 36 Yes 
1.2c Height of canopy -91 No     
2.1a Number of breeding pairs 6 Yes 2.1 Breeding population size 6 Yes 
 874 
Figure 1
Click here to download high resolution image
Input&(user&deﬁned)& Impact&&
Model&
Oﬀset&
Model&
A"ribute)benchmark) Bi# Yes) Yes)
Area)of)impact)/)oﬀset) a# Yes) Yes)
A"ribute)measure)pre7impact/oﬀset) MpreAi# Yes) Yes)
A"ribute)measure)post7impact/oﬀset) MpostAi# Yes) Yes)
Rate)of)discount) d# Yes)
Uncertainty)mul=plier)(derived)from)level)of)conﬁdence)in)
success)of)oﬀset)ac=on))
xi# Yes)
Time)at)which)oﬀset)is)expected)to)demonstrate)no)net)loss) t# Yes)
12.$
A.$Impact$Model$
4.$ Biodiversity+value+(BV)+at+the+Impact+
Site!
Impact+BVAi++
Bi+
MpreAi+
Bi+
MpostAi+
1.$ Condi<on+of+a>ribute+pre+and+post+
impact+
The!post!and!prior!to!impact!measures!
of!a!biodiversity!a5ribute!are!divided!by!
the!!benchmark!value!for!that!a5ribute!!
! C+Ai+
3.$ Change+in+condi<on+mul<plied+by+area+
calcula<on+
The!condi8on!of!a!biodiversity!
a5ribute!is!mul8plied!by!the!area!of!
the!impact!!
Δ+Ai++×+a++
2.$ Diﬀerence+in+condi<on+pre+and+post+
impact+
The!diﬀerence!in!the!condi8on!of!a!
biodiversity!a5ribute!post!and!prior!to!
impact!is!calculated!! Δ+Ai+
CpostAi+—!+
CpriorAi+
B.$Oﬀset$Model$
10.$ Biodiversity+value+(BV)+at+the+Oﬀset+
Site! Oﬀset+BVAi++
Oﬀset+BVAi++−!!
Impact+BVAi!
11.$ Net+Present+Biodiversity+Present+Value+
(NPBV)+at+the+a>ribute+level+The!
diﬀerence!in!the!Oﬀset!BVA!and!the!
Impact!BVA!is!calculated!to!derive!the!
NPBV!for!that!a5ribute!
NPBVAi+
5.$ Condi<on+of+a>ribute+pre+and+post+
oﬀset+
The!post!and!prior!to!oﬀset!measures!
of!a!biodiversity!a5ribute!are!scored!
against!the!!benchmark!value!for!that!
a5ribute!!
! C+Ai+
Bi+
MpreAi+
Bi+
MpostAi+
6.$ Diﬀerence+in+condi<on+pre+and+post+
impact+
The!diﬀerence!in!the!condi8on!of!a!
biodiversity!a5ribute!post!and!prior!to!
oﬀset!is!calculated!!
Δ+Ai+
CpostAi+—!+
CpriorAi+
7.$ Change+in+condi<on+adjusted+for+
conﬁdence+in+oﬀset+ac<on+
A!user!chosen!mul8plier!is!applied!to!
the!a5ribute!condi8on!value!to!
account!for!uncertainty!of!the!oﬀset!
ac8on!being!!successful!
Δ+Ai+adjusted+
Δ+Ai+×+xi+
8.$ Discount+for+<me+lag+
The!adjusted!condi8on!value!is!
further!adjusted!to!account!for!the!
8meFlag!between!the!impact!
occurring!and!the!oﬀset!being!
achieved! Δ+Ai+discounted+
Δ+Ai+adjusted++
(1++!d)t!
9.$ Discounted+condi<on+mul<plied+by+
area+calcula<on+
The!discounted!condi8on!of!a!
biodiversity!a5ribute!is!mul8plied!by!
the!area!of!the!oﬀset!
Δ+Ai+adjusted++×+a++
Net+Present+Biodiversity+Present+Value+
(NPBV)+at+the+component+level+The!
mean!of!a5ribute!NPBV!is!calculated!
for!each!component.!!
∑+(NPBVAi)!
Total+number+
a>ributes!NPBVCi+
Figure 2
